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APPENDIX 



OF PENDING CLAIMS 



21. A modified nucleotide triphosphate ! comprising a covalently attached electron transfer 
moiety. 

wherein said electron transfer moiety is attached to 



wherein said electron transfer moiety is attached to 
wherein said electron transfer moiety is a 
• wl 



22. A nucleotide according to claim 21 
the ribose of said nucleotide. , 

23 . A nucleotide according to claim 21 
the ribose via a linker at the 2' position. 

24. A nucleotide according to claim 2 1 
transition metal complex. 

25. A nucleotide according to claim 24 wherein said transition metal complex comprises 
ruthenium. 

26. A nucleotide according to claim 24 -jtyherein said transition metal complex comprises 
iron. I 

27. A method of mailing a nucleic acid comprising a covalently attached electron transfer 
moiety, said method comprising; j 1 

a) providing a modified nucleotide comprising a covalently attached electron 
transfer moiety; j 

b) converting said modified nucleotide into a modified nucleotide triphosphate; and 

c) incorporating said modified nucleotide triphosphate in a synthetic reaction to ' 
form a nucleic acid with a covalently attached electron transfer moiety. 

28. A method according to claim 27 wherein said electron transfer moiety is attached to 
the ribose of said nucleotide. j 

29. A method according to claim 27j wherein said electron transfer moiety is attached to 
the ribose via a linker at the 2' position, j. 

30. A method according to claim 27;whejrein said electron transfer moiety is a transition 
metal complex. . j 

31. A method according to claim 3o! whe: rein said transition metal complex comprises 
ruthenium. 

32. A method according to claim 30 'wherein said transition metal complex comprises 
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8.2 Chemically Modified Nucleotides, 
Oligonucleotides and; Nucleic Acids 



Chemical modification of nucleic acids is not as straightforward 
as protein modification. The nonbasic "amines" of adenosine and 
guanosine are virtually unreaciivc with the. amine-reaciivc reagents 
described in Chapter 1, and the other major reactive groups found 
in proteins — thiols, carboxylie acids and alcohols — i arc usually 
absent: or not abundant in natural nucleic acids. Consequently, only 
j. few techniques have been used for the direct labeling of DNA and 
RNA. 1J Generally, nucleotides or oligonucleotides arje labeled 
during chemical synthesis, then cnzymatically converted into 
labeled nucleic acid polymers or directly used as primers or hybrid 1 
izaiion probes, 3 " 9 For example, incorporation of anun&S Or thiols 
during their synthesis permits nucleotides and oligonucleotides to 
be modified using the reagents in Chapters 1 and 2. ! 

la addition to producing the widest assortment of niicleic acid , 
stains (Sec Section 8. 1), Molecular Probes supplies many of the 
most important dyes for nucleotide and oligonucleotide labeling, 
nucleic acid sequencing and direct or indirect nucleic acid modifi- 
cation. Our ChromaTide™ and FiuoroTide™ products provide 
researchers with labeled nucleotides and oligonucleotides for enzy- 
matic incorporation into nucleic acids, and our FluoReporter* Oli- 
gonucleotide Labeling and Purification Kits supply the reagents 
needed to reliably label and purify synthetic oligonucleotides wich- 
r e equipment. ! 



ChromaTide Labeled Nucleotides 

Molecular Probes offers a series of uridine and deoiyuridine 
triphosphates, each conjugated to One of ten different fiuorOphores. 
The spectral diversity of the ChromaTide nucleotides (Table 8,2) 
gives researchers a great deal of flexibility in choosing !a label that 
is compatible with a particular optical detection system! or multi- 
color experiment. Our ChromaTide nucleotides 9 contain a unique 
aminoaltynyl linker 10 between the fluorophore and thq nucleotide 
mat is designed to reduce the interaction of the fluorophore with the 
nucleic acid and to make die hapten more accessible to Isccondaiy > 
reagents (Figure 8.4). In addition to this four-atom bridge, several 
of these nucleotides contain a seven- to ten-atom spacer, which 
further separates the dye from the base. i 

Our newest ChromaTide nucleotides are the Oregon|Green™ 
488, Rnodamine Green™ and Texas Red-X conjugates jofdUTP 
(C-7630. C-7629, C-7631) and the fchodamine Green conjugate of 
tTTP (C-7628). As compared to the corresponding fluorescein 
conjugates, the Oregon Green 48B and Rhodamine Green conju- 
gates have similar fl uorescence spectra but superior photostabiliry , 
-(seeSection 1,4). The Texas Red-12-dUTF (C-7631) has an cmis- ! 
sion spectrum in solution that is narrower and about 25% more 
intense than that of Texas Red-5-dUTF (C-7608). 

Preliminary experiments have shown that the ChromaTide 
nucleotides arc functional with a variety of nucleic acid modifying 



Table S.2 Fluorophore labels for ChromaTide nucleotides. 



ChromaTide 
Nucleotide Cat # 


Fluorophore Label (Cat #, see Section n.n) * 


C-7S13, C-7614 


BODIPY FL-X dye (D-6102, see Section 1 .2) 


C-7fiI5,C-76l6 


BQPIPY TMR-X dye 05-6137, sec Section 1.2) 


C-7617.C-761S3 


BODIPY TR-X dye (D-<i 1 16, sec Section 1 .2) 


C-7CU.O-7612 


Cascade Blue dye (C-2284, see Section 1.7) 


c4603,C-7fSO4 


FltioTescein-X (F-2181, see Section |,3) 


C-7630 


Oregon Green 488 dye (O-S 147, see Section 1.4) 


C-7628, C-7629 


Rhodamine Green dye (R-6I.Q7, see Section 1.4} 


C-7I605.C-7606 


Tctraraethylrhodflmine (T-HfiO-t-, see Section 1.6) 


C-7fe07,' C-7608 


Te*as Red dye IT-353 1. see Section 1.6) 


C-7f531 


Texas Rcd-X dye {T-61 34, see Section 1 .6) 


* Tljje analog number ten it* labeling group antf the Handbook; Section numbsr thai 
contains iis structure are indicated for each ChromaTide nuek-ijetde. PlitonsphsKes; bio 
attached ib the terminal amine of the alkynyl spacer via a eaitaxunide linkage (arrow 
| A iriiFigure 3.4) Bttept for the following: t thiourea linkage, $ sulfonamide linfcafie. 



' ft I I 




fl 9 R 
;h 2 — o— ^— o~p— o— ^— oj 
o~ o~ o~ 



Figuris.4 Structure of ChromaTide Jluoresceirt-12-dllTP (C-7604>, This 
structure is representative of owrotfter ChromaTide labeled nucleotides, 
Fluorophore labels are attached via a four-atom aminoaJkynyl spacer 
(between arrows A and B) to either deoxyuridinclriphosphaie (dUTP) or 
urUtinetriphmphate (UTP). Fluorophore labels for other ChromaTide 
nucleotides are indicated in Tabic S.2. 
',' ■ 
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Taq polymerase in polymerase chain reaction (PCR) assays 1 1 
DNA polymerase I in primer extension assays 
Klenow polymerase in random primer labeling 
■terminal deoxynucUxmdyl transferase for 3"-ead labeling (sec 
Color Plate 4 in "Visual Reality") 
SP6 RNA polymerase, T3 RNA polymerase and T7 RNA poly- 
merase for in vitro transcription 



Table 8.3 Amine-reactive dyes Jar nucleic acid sequencing. 



ChromaTtde nucleotides can also potentially 
in DNA sequencing reactions. Nucleic acids ; 
ChromaTide nucleotide can serve as probes 
mRNA FISH experiments, as well as for Sou 
colony and plaque hybridization. 



used as substrates 
labeled with ' [ 
chromosome and 
rn, Northern, 



Molecular 
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Labeled Oligonucleotides 

Dyes for Nucleic Acid Sequencing j 

Molecular Probes manufactures most of thejdyes that are used in 
nucleic acid sequencing and provides these in reactive forms for 
preparing conjugates. Because the electrophoretic separation step 
during sequencing is highly sensitive to the chemical structure of 
(he fragments, the use of singlc-isomer labels is essential, triaddi- 
tion to providing high-purity reactive succinutndyl esters of the 
common FAM, JOE, TAMRA and ROX dyes, 1 ?" 14 Molecular 
Probes prepares amine-reacdve single isomers of carboxyrhod-' 
amine 6"G (CR <>G) (Table 8.3). The 6-isomcr of the CR 6Gjdye has 
been reported to have spectroscopic and electrophoretic properties 
that are superior to the JOE dye often used for automated DNA 
sequencing. ls Also, oligonucleotide conjugates] of several of oiir 
BODIPY 1 * 1 dyes (see Section 1,2) have recently been reported to be 
very useful for DNA sequencing, in part because the dyes have a 
minimal effect on the mobility of the fragment during electrophore- 
sis and also exhibit well-resolved spectra with narrow bandwidths 16 
(see Figure 1.2 in Chapter 1), The BODIPY dyes 17 are all highr 
purity, pH-insensitive single isomers. Oligonucleotides labeled i 
with multiple dyes that farm excited-state energy transfer pairs have 
been shown to enhance the detection in sequencing applications 
that depend On the ar£Ori-ion laser for excitationL 13 I6 I8 ' 1? j, 

Contact our Custom and Bulk Sales Department for information 
about custom synthesis of amine-reactive single isomers Of Our ' 
Rhodamine Green, Rhodol Green.™ or other dyes 20 2 1 or about 
availability of any of our reactive dyes in bulk. J 

FluoReporter Oligonucleotide Labeling Kits 

Molecular Probes' FluoReporter Oligonucleo|tide Labeling Kits 9 
provide researchers with a convenient method fcjr efficiently '13061- 
ing oligonucleotides with a wide variety of our fluorophores iand 
haptens. Labeling is not only economical, but easy and veryfrepro- 
ducible. Our FluoReporter Labeled Oligonucleotide Purification 
Kit (F-6100) provides a simple way to purify thej conjugates with- 
out resorting to HPLC or gel electrophoresis for purification.^ 2 

We offer two types of FluoReporter Oligonucleotide Labeling 
Kits. The FluoReponcr Oligonucleotide Amine Labeling Kits use 
stable succinimidyl esters to label amine-modifiejd synthetic oligo- 
nucleotides, whereas the FluoReporter Oligonueljeotide Phosphate 
Labeling Kits use proprietary coupling technology to conjugate 
aliphatic amines to 3'- or 5'-phosphatc-terminated oligonucleotides 
in a single step. For unphosphorylated oligonucleotides, a 5'^phos- 
phate can be added enzymatically wim T4 polynucleotide kiriasej 



| Cal# 

| C-22IQ 


Reactive Dye* 


Handbook Location 


5-FAM. SEt 


Section 13 


1 C-6164 


G-FAM, SE 


Section 1 .3 


| C-6127 


5-CR 6G, SE 


Section 1.5 


| C-6128 


e-CRSG,SE 


Section 1.5 


| C-6I71 


6-JOE, SEt 


Section 1,5 


C-2211 


S -TAMRA. SE 


Section 1,6 


C-6123 


6-TAMRA, SEf 


Section 1.6 


C-612S 


5-ROX, SE 


Section 1.6 


C-G126 


S-ROX, SEt 


Section 1.(5 


D-2184 


BODIPY FL, SE* 


Section 1.2 


I D-6I40 


BODIPY FL.S5E 


Section 1.2 


| D-6I02 


BODIPY FL-3C, SE 


Section 1.2 


| rxsiso 


BODIPY R6G, SEt 


Section 1.2 


| D-6117 


BODIPY TME.-X.SE 


Section l_2 


1 D-2222 


BODIPY 564/570, SEt 


Section \a 


| D-2228 


BODIPY 581/591, SEt 


Section 1.2 


] D-6116 


BODIPY TR-X, SE 


Section 1,2 


* FAM =5 carboxynnorescclri; CRSG = tartoxyihodaminc CO; JOE=carboj;y-4'4i'- 
■fi(*k)n>-2',7'-dimcthexyHoc)iciKein; TAMRA = c^syteiraiBeihyWiodaraioe; ROX = 
1 au1wxy-X-*bodsinjnc; BODIPY - a suhsiiiuicd 4.4-difluoroJWiora-3Ma-iii!ia'Ji- 
indaeeiB derivative (see figure 1.3 in Chapter iy, SE = succinimldyi esier; SSE= 
water-soluble tulfCkSuccinimidyl wter. t These arc the roost widely used jaoeaen far 
DNAi«|Ut!ncioetAmlBioelietn223, 39 (1934); Nucfcie Aciis Rei 20,2471 (]992); 
Proc Natl AcrfSci USA 56, 9178(1989)]. *T^e BODIPY derivatives were 
recently report Ml to be useful for automated DNA sequencing, in port because ihe dyes 
have a minimal effect on die mobility at the fragment during electrophoresis wid also 
exhibit well-resolved spectra with ninow bandwidUn [Science 271, 1420 (1996)). 



prior to use of the FluoReporter Oligonucleotide Phosphate Label- 
ing Kits, 

The amine-reactive haptens and fluorophores in most of our 
fifteen different FluoReporter Oligonucleotide Amine Labeling 
Kits contain aminohexanoyl spacers ("X") to reduce the label's 
interaction with the oligonucleotide and enhance its accessibility 
to secondary detection reagents. Our BODIPY" FL-X, BODIPY 
TMR-X and BODIPY TR-X Kits (F-60S2, F-6083, F-6084) contain 
reactive versions of our patented BODIPY fluorophores with emis- 
sion properties similar to those of fluorescein, rhodamine 6G. tetra- 
mcthylrfiodamine and Texas Red dyes, respectively (see Figure 1-4 
in. Chapter 1). We also offer BODIPY FL, BODIPY R.6G, 
BODIPY 564/570 and BODIPY 581/591 Kils (F-6079, F-6092, 
F-6093, F-6094), which contain reactive BODIPY (jyes found to 
be useful for automated DNA sequencing.' 6 The BODIPY fluoro- 
phores exhibit high extinction coefficients, excellent quantum 
yields and a fluorescence emission that is quite photostable and 
insensitive to pH. The narrow absorption and emission bandwidths 
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Of these BODIPY fluorophores make them particularly well suited 
to multicolor applications. The FIuoReporter Oregon Green 48.8; 
Khodamine Green-OC, Rhodamine Red™-X and Tejjtas Red-X ; 
Oligonucleotide Amine Labeling Kits (F-6087. F-6088, F-60B9; 
F-6091) contain some of cur newest and most photoatable dyes : (see 
Sections 1.4 and 1,6). In addition to these tits, we pffer Fluo- ■ • 
Reporter Kits for labeling amines with fruorescein-X, tetramcthyl- 
rfvodaminc, biotin-XX and DNP-X (F^5086, F-609CI, F-6081, \ 
F-6085). The reactive dyes in some of the kits contain mixed iso- 
mers, and their oligonucleotide conjugates may resolve into twoi 
peaks in very high resolution separation techniques] j 

Conventional methods for modifying tenninal pliosphate groups 
require a muhistep synthesis. 23-25 In contrast, the FluoRcporterj ,: 
Oligonucleotide Phosphate Labeling Kits permit tfie single-step 
eovalent labeling of 3'- or 5'-phosphate-terminate<l oligonucleotides 
with dadaverinc derivatives of the BODIPY FL, BOblPY TMR;|or 
Tfexas Red fluorophores or biolin ligand (F-60%, F-j6097, F-6099, 
F-6095) or with the etfiylencdiamine derivative of qur Rhodamine 
Red dye (F-609S). The resulting phosphoramidate adducts have|. 
reasonable chemical stability, particularly in neutral |solution. j 
These kits can also be used to double-label radioactijvely labeled:* 1 
oligonucleotides or, in combination with T4 polynucleotide kinase, 
lofluorescently label oligonucleotides lacking a S'-phosphatc. In 
addition, w6 have found that die simple method provided in our 1 
FIuoReporter Oligonucleotide Phosphate Labeling Kits can be used 
to label linear DNA restriction fragments, although, such conjuga fts 
may require an alternative purification method I 

The FIuoReporter Oligonucleotide. Amine Labeling Kits and : 
FIuoReporter Oligonucleotide Phosphate Labeling Kits provide 
sufficient reagents for five complete labeling reactions. Each 
FluoRcportef Kit contains: j 

• Five vials of the amine-ieactive or phosphate-reactive label, ■ 
each sufficient for labeling 100 pg of amine-derivatized oligo- 
nucleotide 

• Anhydrous dimethylsulf oxide (DMSO) for dissolving the reac- 
tive reagent 

• Labeling buffer 

• Detailed protocol for oligonucleotide label ing 

Our FIuoReporter Kits have been optimized for labeling oligo-| 
nucleotides containing 18 to 25 bases but may be useful for labeling 
either shorter or longer oligonucleotides. Fluorescent, biotinylatcd 
orDNP-Iabeled oligonucleotides can be purified from the reaction 
mixture with our FluoRcporter Labeled Oligonucleotide Purifiea-: 
Son Kit (see below) or with standard HFLC or gel electrophoresis 
methods. After purification, labeled oligonucleotides! can serve as , 
Primers for DMA sequencing, DNA amplification orcDNA prep- 
aration and as probes for Northern and Southern blot^; colony and 
plaque lifts and mRNA in situ hybridization experiments. Fluo- , 
ftsence anisotxopy measurements can detect hybridizi Ltion of 
fluorescent oligonucleotides in homogeneous solution. 16 RNA 
oligonucleotides are useful for probing RNA secondairy structure, 
in combination with the dsRNA-specific RNase H and the seRNA- , 
specific RNase A and RNase Tl . 

FIuoReporter Labeled Oligonucleotide Purificatio i Kit 

Purification of fluorescent, biotinylatcd or DNP-labeled oligo. 
nucleotides is made easy with our new FIuoReporter Labeled Oil' , 
^nucleotide Purification Kit (F-610O). The crude, labeled oligo- . 
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leotide is simply precipitated with ethanoi to remove the excess 
reactive reagent, adsorbed on the spin column, washed to remove 
any unconjugated oligonucleotide and then eluted with an cludon 
buffer lo yield the conjugate. Isolated yields for the combined 
conjugation and purification steps are usually >60%, and the prod- 
ucts are typically 5-90% pure as determined by HPLC. This kit may 
be useful for purifying oligonucleotide conjugates of many of our 
other reactive dyes and haptens too. Oligonucleotide conjugates 
can be used for most procedures without additional purification. 
Each FIuoReporter Oligonucleotide Purification Kit contains: 

Five spin columns 

Separate buffers for column equilibration, washing and elution 
Detailed protocol that has been tested with all of our 
FIuoReporter Oligonucleotide Labeling Kits 



Sufficient columns and buffers arc provided for purification of five 
labeling reactions of 100 fig oligonucleotide each. 

FljLtoroTide Oligonucleotide Primers 

;i| Molecular Probes offers FluoroTide oligonucleotide M13/pUC 
(-|21) primers 9 conjugated to fluorescein, Oregon Green 488, Texas 
R^d-X, BODIPY FL, BODIPY R6G, BODIPY TMR and BODIPY 
TJR. dyes (F-3621, P-6677, F-<5(57<5, F-3622, F-7632, F-7633, 
Fjj7634). Our primer conjugates are prepared by attaching the dye 
; toi'the 5'-(6-aminohexyl)-niodified oligonucleotide, purified by 

preparative HPLC and packaged by optical density units measured 
: at 260 urn. These primers are useful for automated single- or 
, dduble-stranded sequencing of DNA fragments cloned into M13mp 
| vectors and pUC or pUC-related plasmids, 27 They can also be used 
. toj synthesize hybridization sequences for probing blots, chromo- 
some squashes, plaques, colonies and mRNA, as well as to generate 
a yariety of probes for forensic and diagnostic applications. 28 The 
, four BODIPY dye-labeled primers have well-resolved spectra with 
' narrow bandwidths (see Figure 1,4 in Chapter 1), making them 
'• spectrally distinct from other fluorescently labeled primers and 
; prpbes. Similar BODIPY dye-labeled primers have recently been 
; reported to be very useful for DNA sequencing because the dyes do 
no't produce the mobility artifacts exhibited by other dyes com- 
mcjnly used for DNA sequencing. 19 



Chemical Modification of Nucleic Acid Polymers 

■ '.J : 

; DNA and RNA are unreactivc with most common chemical 
', reagents, and special methods are necessary for their modification. 
Orilji a few general methods are available for modifying nucleic 
! adjel polymers, 

, Cytidine Residues 

! DN A and RNA can be modified by reacting their cytidine resi- 
; duels: with sodium bisulfite to form sulfonate intermediates that can 

■ then be direcdy coupled to hydrazides or aliphatic amines. 29 - 30 For 
: example, biotin hydrazides (see Section 4.2) have been used in a 
ibisulflte-mediated reaction to couple biotin to cytidine residues in 
Oligonucleotides. 31 Virtually any of the fluorescent, biotin or other 
'hydrazides or aliphatic amines in Chapters 3 and 4, except possibly 
■thelBODIPY derivatives, can potentially be used in this reaction. 
iThejlbisulfite-activatcd cytidylic acid can also bo coupled Co ali- 
! phatic diamines such as efhylenediamine, 32 The aminc-modified 
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modification' 



DNA or, RNA cap then be modified with any oi the amine-reactivp 
dyes described in Chapter 1 . 

Phosphate Groups 

OnrFhioRepoiter Oligonucleotide Phosphate Labeling Kits 
provide the reagents and a protocol for the single-step 
of terminal phosphate residues of oligonucleotides or restriction 
fragments. Although phosphate groups of nucleotides and oligo- 
nucleotides arc not very reactive in aqueous solution, heir terminal 
phosphate groups can react widi carbodiimides and similar reagents 
in combination with nucleophiJes to yield labeled phosphodiesters',' 
phosphoranudates and phosphorothioates. 53 For example, it has i 
been reported that DNA can be reacted quantitatively with carbonyi 
diimidazole and a diamine such as cthy lenediamine to [yield 
phosphoramidaie that has a free primary amine and that this amine 
can then be modified with amine-reactive reagents of the type 
described in Chapter ip-^ 3 * Fluorescent or biotinylated amines 
have been coupled to the 5'-phosphate of tRNA using dithiodipyri 
dine and triphenylphosphine. 35 Wang and Giesc have reported an 
apparently general method for labeling phosphates, including nucle- 
otides, for capillary electrophoresis applications that employs an 
imidazole derivative prepared from our BODIPY EL hy-drazide 3fi 
(P-2371, see Section 3,2). |. 

Abasic Sites 

The biotinylated hydroxylatriinc ARP (A-6346) has been 
recently used to modify abasic sites in DNA — those apurinic sites 
and apvrimiauiic lesions thought to be important inlfirmediates in 
C3xcinogenesis. 37 - 3!> Once the aldehyde group in an abasic site is , 
modified with ARP, the resulting biotinylated DNA carl be detected 
with avidin conjugates (see Section 7.5). 



oiinal Ribose Croup of RNA 
jSelcctive oxidation of the 3 '-end of RNA by periodate yields a 
dialtlehyde. This dialdchyde can then be coupled with a fluorescein 
orliJiotin hydrazide reagent WJa (sec Sections 3.2 and 4.2). 



Jcialized Methods 

,_ r - f other specialized methods have been developed for 
nucleic acid modification, These include: 

i|SI . 

« \ Synthesis Of DNA using fluorescent 2 - or 3'-acyI derivatives of 
j uridine triphosphate and terminal deoxyribonucleotide trans- 

* I lirse of a fluorescent iodoacetatnidc or maleimide, along with T4 

i pjpiynucleotide kinase and ATP-Y-S (ATP with a sulfur in the ter- 
minal phosphate) to introduce a thiophosphate at the 5'-lcrminus 
i ^iS'-dephosphorylatedRNA* 1 or DNA 

• | ^traduction of 4-thiouridine at the 3'-terminus of DNA using 

, calf thymus terminal deoxynucleotidyl transferase followed by 
! tieatmait with ribonuclease and reaction with thiol-re&ctive 
'plobes* 1 - 45 

Direct reaction of thiol-reactive reagents with 4-thiouridine resi- 
"i nucleic acids 
reaction of amine- or ttiiol-reactive reagents with 
d tRNA or thioacetylated aminoacyl tRNA 3 * 4 *- 49 
j i . i :don of the X-base of tRNA with isotliiocyanates 50 or 
replaceanent of other uncommon bases in tRNA by fluoro- 
p'iEores 51-53 
!: 
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Metgl-Containing Oligonucleotides; Solid-Phase 
Synthesis and Luminescence Properties : '' 
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The incorporation gf photo- and rtsdox-aetive bransition I'meu 
ions' into oligonucleotides is » key design target for the stiidvipf 
energy and electron-transfer processes through DrjlX;' as wellsis 
the development of DNA hybridisation probes; and sensi^ 
Metal-containing oligonucleotides ha|ve been predominantly '«&*■! 
strucicd via two major pathways: (a) the synthesis of a ehclaloV: 
containing oligonucleotide followed by metal cornpleiwtidh 3 ] flieli 
(b) the synthesis of an end-functionalizaj oligonucleotide to which 
a metal complex can be conjugated. These epiproachesj wo' 
restricted primarily to modifications at the- olifepnucleotijl^Ti 
termini and/or require the exposure offoligoniicleotia.es to icacbw 
metal precursors. 1 -* A direct method for the Isiie-^piccirt'd; 
incorporation of metal complexes dwing solid-phase laligonuclec^ 
tide synthesis has never been reported. L 1 ' " ' ' 

We now disclose a general methodology for the; 




Scheme I. Synthesis of Phosphoramidites fa and 6b°* 



of polypyridine metal complexes into oli^nueiebu'des «-__.., 
automated DNA synthesizers. We report the synthesis off novH; 
R.u"- and Os"-containine nucleosides land their phtfsphorWtdiifc'i, 
derivatives. These building blocks are sequencisASpecifiealiy ! 
incorporated into oligonucleotides in high yields lining standard ! 
solid-phase phosphoramidite ehenjistey. The uniquely modified'; 
oligonucleotides form stable DNA duplexes and arejuscful probes ] 1 
for the study of energy-transfer processes in nucleic; acids. 1 !' 

We have previously reported that lfunotioijali7w;tris-chelatc | 
complexes are excellent substrates for the powerful! palladium' 
mediated cross-coupling rrtethodologick. 5 This approach provide 
a convenient entry into metal-containing nucleosides and is fc" 




iki m ,|y.;Ghitlia.N^p. 
a. n-i i utiD. it. a.-, canon, J. science 1993, 262, 1025—102' 
J.; Kayjrsm J. F. A-fgtni: Chan, int. Ed. iM.[l995. J*, 3S2~;J5 
P. I.; Holnum, B- E-; Barton, I. K. Science ljt»7. 27S, WeS-itfto. iwcsgcras i 
E.; Ktisch, D.; Giesc, B Jicla Chin Acta 1997, 80. 640t6"S2. See ilsb'k 
Ke«d. T. L / Chem. 1997, 74, 64646SI. DicdtricKsw. U. AugM \ 

Chan.. Int. Ed £>rk I»7, 36, 2317-2319. ! I ■ !|f 



Int. Ed Engl. [»-,, „,„„_,„,, 
„ ^kS> BannwarU,, Schmidt, D„ Stallaird. R l_; Hamunn, C; 
R-; Mailer. F. tteru. Chan. Aaa 19M, W. 2085-2099. (W Bannwin 
Sehmidt, D rctraAaftwii Lett. 19B9, JO, 1513-15 Ifi. (e) Btmvwxrt 

J.; Cnrfcklhuit, K. A.; Sebinze, K. S.i Nelzelfr. L/. Am. * 
p.7221 -722ft (OSimnw, P, <}.; Yabiojsli, C. " 



116, S8S| -S962. Mrtsurmrra. Entto. fc; K 
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(4) Miftiu D± Miller, R. A; Setsier. S. Li I\-as*n, B. Ljl/J ^m. Clhadl 
^ "S'-ji/* 7439-7440. HiU. Huskcit^ Dh Picl«. U.;,M«er. H. E-; | 
Hfcier. Et. Chen Biol. 1994, J, US-IM. Hill, I.-. HQsken,'D.i HJner. It] 
ftucUiC AcUs Rts. IWtf, 3S22-3S2S. L i | .1 
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'Rragents: (a) 4,4'-dims!ha*ytrityl chloride (DMT-C!), DMAP. 
pyridine. Et 3 H MJ4 yield; Cb) 3a or 3b. (PhjPWdCli, Cul, DMF. BjN, 
sonication, S4% y«ld; {c) (iTtjNfePOCHjCH^N. (IW^tetraaolc, CHiCN; 
70-B5W yield. * All metal-modified nucleosides were isolated as (heir 
PFr wits.* 

to the successful prcpat*tion of ihc modified nucleosides aad their 
phosphoramidites. thus, palladium-catalyzed crosS'COUpling 
reactions between S-ethynyldeoxyuridine' (1) and [(bpy) 2 Ru(3- 
bromo- 1 , 1 0-ptenandwjlirBfl^Ft-lt (3a) or [(bpy) 2 Os(3-b«mo- 
I 1 I0-phenanlhroIine)] 3 +(Pt 4 -)i 0>py - bipyndyl) (3b) afford 
nucleosides 4a and 4b, respectively (Scheme l)."-' The mild 
conditions of this reaction allow us to apply it for the modification 
of 4.4'-dimethoicytrityI.piotected nucleosides. Thus. 1 is first 

■ treated with 4,4'-dimethoxytrity| (DMT) chloride in the presence 
' of 4-CdinKthyIaniino)pyrifiinc (DMAP) to provide the DMT- 

protected nucleoside 2. which is then cross-coupled to 3a or 3b 

, to afford the protected metal-containing nucleosides Sn and 5b, 
respectively (Scheme 1). Pbosphitylation of the protected nucleo- 
sides Sa and 5b using (2-cvanoethoxy)bis(diisopropylfimino)- 

. phosphine in the presence of (l/r>tetrazole provides the corre- 
sponding metal-modified phosphoramidites 6a And fib." 

Target 20-mer oligonucleotides incorporating one or two metal- 
modified 2'-deoxyuridinc bases at various positions were syn- 
thesized on a 0.2 /cmoI scale using an automated DNA synthesizer 
(Figure 1). When coupling times for the phosphoramidites 6a 
and fib in OS M (l/f)-tetrazoIe were extended to 5 min, reaction 

' efficiencies were greater than 90%." Removal of the finished 
20-mers from the solid support using concentrated ammonium 

. hydroxide was followed by incubation at 55 e C for 8 h to afford 

■ (|) R**ins. M- 1* bur, J. prg.^Chem. ISO, 4B, t S«- IBtf2. "PT 

, (9)?^ypyridm^o™iexes 1 ^*5< ■nd^Sr' TO^seJffited due la [heir 
thermal stability tni favorable redo* and photaphyiical ehirattcrjuts 
^eSaii^. I-P.: CaUin, J.-P.; Chimb™, J^C; Otilllerez, S.; Coudftfi; 

■ (105 All compounds were chariei=ri™i by 'H NMR. ESI-MS. Uv-vis, 
' m " l r,^9 Mrc_w * ve ,nd e y elh! wlwnimetry. 5w Uie Supporting iTirbmiiiion. 

1} To control ih 5 lmoum of ie»«enls and rcaaion luw, (he eeuplinf t 



the modified bss« was psrfwrtMd rranuilly (rer H). The decre»ed ceupiinc 
: cnicienefet relative la ilandird pbo!jJhor»mtdilt$ are likely ifue u iTie ncni 

bulk of the appended mslil inmplea J ' " ■ - ■ " 

phoiptvjfimidiiei. See: Kobcrlz. W. 
W; 119, 596Q~S96i. 
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Figure 2.- Thermal dcnaturari Q n curves for Jwtnsl duplex ifrm) 6s«- 
conr»™n S duplex W , „ d a ringlef isnlalch P dap 4± ^J" 
determined , n a.Qi M sqdium phosphate bJjfTcr.pH 7, 0.ljMNaCL« 
the deprotected oligomers 6-11 and 13 that were puflfied by 
ele*frophores,s^ Analytical denaturing polyaoyliJmiifc gel el«£ 
tropfioiBis confirmed the purity of the njwdified oligonucleotides! 
and enzymatic digestion followed by HPf,C analysisiVcrified tile 
presence of the intact metal-containing owlcosidesi ■ ,'! 

The presence of ihe a mefal^niaWng nucleoside has I a 
relatively small effect on duplex stability ks d^crminedtby thermal 
d™ afura tio„ curves (Figure 2). Th c mekng tempeSilrc of 
the unmodified duplex derived from oligonucleotide 7 and i£ 
wrnplemcntary sequence 12 is 78 When ttc.med|contairiW 
nucleoside is located nt the 5"-*nd, M hi duplex 10'IZ (ho 7L it 
essentially the same Duplexes S-U Bn d N2, in whicii the meV' 
containing nucleoside is in the middle ot the duplex, are sliehtlv 
less MM, with « T M at 75 "C. Yet, this des4i^tioh g-ft 
smaller than the effect of a single mismatch on duplex staWlitv 
as denwnstrated For duplex 7-14 containing a T^air*- at & 
same position (7" m = 69 °C. Figure 2). I \\ \ ' \, 

Steady-state emission profiles of iso^BscMpUve oligonucleotide 
solutions in degassed phosphate buffer pshown i^fgure I 

emission at 630 tim upon excitation of thfe visible metaJ-to^iwind 
b 8 to|,a complementary Os"f 



the RiiWainme oligonucleotide e- ,o f a complementary Os'V 
coi.ta.nmg oligonucleotide 13, a substanUl drop in th^emissiort 
intensity (ca. 70-85%) i s observed. 7^i s su^^^i^ 



duplex" quenching of the excited Ru" c 
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Wavelength (nm] 

''• T iBUre J'A^ a fi" Sl * te eniiSSi0n 5pcctra "f««»IWM Oligonucleotides in 
degassed 0.0] M sodium phosphate buffer pH 7.0, 0.1 M NfCI. Top- 
.; duplex B<12 (solid line), a 1:1 mixture of 8 and «J *...). at id a duplex 
" ,?™* ,n !^P™~™»l^MdO s M^ duplex 10-tZ 

! (solid line) and duplex 10-13 (dashed line), 

i! center.*- 1 



, .n^i.i.olecular quenching can be excluded since a 1 - 1 

.mixture of the nojicgmplementary oligonucleotides B and 9 shows 
:, essentially the same emission intensity as duplex 8-12 (Figure 
; 3a, top}. This behavior is distance-dependent as demonstrated 
,, by comparing duplex 8-13 to duplex HM3. In this case, where 
. the Os« center is more remote, only 40% quenching of the Ru' 1 - 
based emission 15 observed (Figure 3b, bottom). To the best of 
our knowledge, this is the firet example of energy-transfer 
Pr ^^f in - DNA oli S 0 ™el<«*M« that are se^ence-speaflcally 
modified with polypyridinc metal complexes. 
The data presented here establish a novel and powerful 
' , approach for the site-specific incorporation of polypyridine-metal 
complexes into synthetic oligonucleotides using automated* phos- 
pnoramidite chemistry. The versatile phosphoramidite synthesis 
and the compatibility with existing automated DNA synthesizers 
, provides enormous flexibility for rapid construction or oligo- 
nucleotidc-metaj conjugates. The presence of photo- and rcdox- 
active metal centers in these oligonucleotides makes them 
extremely important probes for the study of photophysieal 
processes in nucleic acids, 

■ t J l £ mu !!**? m ' nt ' Wc thank Clin ™l Micro Sensors, Ine, and the 
UC Biojechnotefiy STAR P^eet for generous import orthis rrswref. 
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